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ABSTRACT

Introduction: Freezing Cold Injuries (FCI) have been associated with long-term sequelae including
vasospasm. The aims of the pilot study are to explore the research methodology and investigate
the tolerability and safety of treatment with Botulinum Toxin-A (BTX-A) in FCI Sequelae.

Methodology: This pilot study tests the logistics, the treatment setting and the follow-up
procedure in an early-phase, double-blinded, randomized, controlled trial study-design. The
variables in the study were subjective symptoms, peripheral micro-vascularization/rewarming,
somatosensory responsiveness, and generic measure of health status.

Results: No major challenges or difficulties were noticed according to the protocol or the
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study methodology. The monitoring of tolerability and safety of treatment with BTX-A did not
reveal any major unwanted and/or adverse reactions among the patients in the pilot study and
no challenges occurred during data collection of endpoints. The study revealed an inaccuracy of
the 2nd degree FCl diagnosis and uncover a need for relevant and sufficient clinical information

for FCI classification.

Conclusions: This pilot study showed the study methodology with minor adjustments is
feasible in a future full-scale clinical trial. The recruitment process needs to be more refined to
ensure that the eligible study participants are a homogenous group of FCI patients.

Introduction

Throughout history, cold injuries have been a major
cause of morbidity during armed conflicts. In 218 BC,
crossing the Southern Alps to reach Italy, Hannibal
lost nearly half his army of 46,000 soldiers to cold
injuries in just 15days [1]. More recently, cold injury
affected the majority of British soldiers fighting in the
cold temperate climate of the Falkland Islands [2].
The annual incidence of freezing cold injuries (FCI)
among conscripts in the Norwegian Armed Forces
during the winter months in cold arctic conditions is
about 2.1% [3].

The prognosis and progression of FCl have not pre-
viously been studied in large cohorts. Existing reports
describe the spectrum of cold injuries as very broad,
ranging from minimal tissue damage to major necrosis
of the distal limbs with subsequent amputations [4]. In
addition to the acute injury, cold injuries are often

associated with long-term sequelae, including increased
cold hypersensitivity [5-7].

These sequelae are less well studied and may com-
promise the future operational capability of the soldier
and have considerable negative impact on the quality
of life. The pathophysiology of these sequelae is still
poorly understood, although peripheral neurovascular
dysfunction plays an important role [8]. Sequelae of
moderate frostbite are associated with an increased
tendency to vasospasm [5]. BTX-A has been used to
treat vasospasm, not only in FCls, and has shown long-
term symptom relief [9].

A case study has described the off-label use of
Botulinum Toxin-A (BTX-A) to treat digital vasospasm
to the hands of a Norwegian patient who suffered long-
term sequelae, after a winter military exercise. At fol-
low-up, the patient reported less pain, warmer hands
and improved sensory function and had no recurrence

CONTACT Arne Johan Norheim @ arne.johan.norheim@uit.no @ National Research Centre of Complementary and Alternative Medicine (NAFKAM),
Department of Community Medicine, UiT The Arctic University of Norway, 9037 Tromsg, Norway

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://orcid.org/0000-0001-6939-2119
http://orcid.org/0000-0001-7754-3677
http://orcid.org/0000-0002-2709-9472
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/22423982.2023.2189556&domain=pdf&date_stamp=2023-03-14

2 (&) A J. NORHEIM ET AL.

of his complaints during a follow-up of more than 3
years [10]. Following case histories and off-label treat-
ment experience, there is a need for controlled trials for
the proof of concept.

The aims of the study were to test the research
methodology, investigate the tolerability and safety,
and assess the potential for a future full-scale efficacy
study on Botulinum Toxin-A for Freezing Cold Injury.

Material and methods
The patients

The population studied in this trial was recruited from
the Norwegian Armed Forces Health Registry (NAFHR)
[11]. The NAFHR contains personal, service-related and
health-related information for conscripts and Armed
Forces personnel, including information and results
from military screening examinations and tests [12].

In a quality assurance study, the NAFHR investi-
gated the incidence and severity of frostbite sequelae
for the period 01.01.2010-31.12.2014. According to
this study, a total of 810 soldiers were registered in
the NAFHR with an FCI [3]. This quality assurance study
also asked whether the injured soldiers were inter-
ested in participating in a clinical trial investigating
advanced treatment for frostbite sequelae. The selec-
tion of patients for this study is based on the historic
data registered in the NAFHR in a previous quality
assurance study [3]. In the NAFHR-questionnaire, 96
injured soldiers stated that they had a severe (2nd
degree) frostbite injury, were still suffering from an
FCl-sequelae, and wanted to be included in a later
clinical study (Figure 1).

The patients’ statements in the NFHR-questionnaire
that they had a 2" degree including FCl-symptoms,
specifically having had blisters with clear/white fluid
was used to select a homogenous research cohort.
Patients were also asked in the questionnaire whether
they had undergone invasive treatment (injections) for
FCl or had any contraindications to BTX-A (known
hypersensitivity towards BTX-A, use of interactive
drugs or drugs that may affect neuromuscular transmis-
sion). Any patient with previous invasive treatment
and/or contraindication were regarded not eligible for
the study. The authors do not know how many who
gave such statements in the previous NAFHR quality
assurance study.

All genders of all ages were invited to participate in
the study. The four subjects in this pilot study (two BTX-
A and two placebo) were randomly selected among the
remaining 96 eligible injured soldiers. This pilot study

Soldiers identified with frostbite injury in the
Norwegian Armed Forces Health Registry
01.01.2010-31.12.2014 (n=810)

Wrong email-address
(n=86)

Did not respond
(n=246)

Soldiers participating in the questionnaire
(n=478)

No frostbite, incomplete
response or missing
(n=192)

2nd degree frostbite, and
wanted to participate in
the clincal study
(n=96)

Want more information,
but did not want to
participate in the study
(n=190)

Figure 1. Flow chart for the 96 soldiers with frostbite sequel
eligible for the study.

was conducted, all the treatments were given, and all
observations done from 14.03.2019 onwards.

Study design

This early-phase study used the randomised, double-
blinded, placebo-controlled study design. The metho-
dology for the future full-scale study aimed at investi-
gating the efficacy of the intervention where other
unspecified contributing factors are levelled out in
a thorough and rigid study procedure.

Both the study subjects and all investigators were
blinded to the contents of the injection. All participat-
ing soldiers got two injections, one at inclusion and one
after 6 weeks. The participating soldiers were randomly
selected to either the primary treatment group or the
secondary treatment group.

The study subjects in the primary treatment group
received BTX-A at their first injection at inclusion. The
study subjects in the secondary treatment group



received placebo as their first injection at inclusion. At
6 weeks follow-up, all study subjects, both in the pri-
mary and in the secondary treatment group, received
their second injection, and all participating soldiers in
both groups received BTX-A (Figure 2).

At 6weeks follow-up, the secondary treatment
group (initial placebo group) served as a control for
the primary treatment group. At a later follow-up at
12 weeks and 6 months, the dose-response effect was
observed due to having received one or two injections
of BTX-A.

Intervention

The treatments were administered by an experienced
frostbite specialist (LdW). The injection of BTX-A was
administered near the neurovascular bundle at the A1-
A5 pulley at the basis of digit 1-5 in the palm of the
hand. The most frequently used dosage was 100 U per
hand (concentration 40 U per ml), 8-12 U/site [13].

Data collection

The data collected in the study was implemented in
a Case Report Form, embedded in the Research
Electronic Data Capture data handling system. Source
data (original records or certified copies) were con-
tained and kept under lock by the Research
Department at University Hospital of North Norway
(UNN). The data collection process was monitored by
a Clinical Study Monitor (CSM) at the Research depart-
ment at UNN. The study subject was assigned to
a unique subject number when the subject signed the
“Informed Consent Form”.

The study had obtained ethical approval from the
Regional Committees for Medical and Health Research
Ethics (REK) (ref 2018/1961).

The variables to be piloted in the study were:

(1) subjective symptoms (Patients Subjective Symptom
Score (PSSS)),

(2) peripheral micro-vascularization/rewarming
(Dynamic Infrared Thermography (DIRT)).
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(3) somatosensory responsiveness (Quantitative Sensory
Test (QST)).

(4) generic measure of health (EuroQol-5dimensions-
3level (EQ-5D-3 L))

Data on these variables were collected at inclusion and
during follow-up of the study participants at 6 weeks,
12 weeks, and 6 months.

The PSSS was a self-constructed, piloted, Visual
Analogue Scale (VAS) based (1=no symptoms to
10=maximal symptoms) standardised questionnaire
assessing the most important subjective symptoms fol-
lowing a primary frostbite including pain, hypersensi-
tivity to cold, numbness of fingers and declined
sensitivity of touch. PSSS also evaluated working ability
of participants, as working ability tends to be lowered
due to frostbite sequelae [5]. The DIRT examined the
dynamic regulation of peripheral micro-vascularisation
[14] as demonstrated in a case report [10] and in accor-
dance with a Delphi-processed checklist among leading
experts in thermography [15]. Examination of the dorsal
side of the hands encompassed a pre-cooling phase
(T1), a cooling phase with both hands, covered by
a thin plastic bag, being immersed in water at 20°C
for 1 min (T2), and a 4-min recovery phase (T3, T4, T5
and T6). The QST investigated the nature of the frost-
bite-related somatosensory abnormalities, monitor their
recovery alongside the expected clinical improvement,
and assessed the number of abnormal QST parameters
using the standard procedure [16-18]. The QST-results
from the study were analysed in collaboration with
internationally recognised experts of QST at the
University of Jena, Germany.

The EQ-5D-3L is a standardised measure of health
status developed by the EuroQol-Group [19], regarding
5 dimensions of health (mobility, self-care, usual activ-
ities, pain/discomfort and anxiety/depression), expressed
at three levels (no problems, some problems, extreme
problems) [20].

Statistical analysis

The aim of the study was to test the research methodol-
ogy. This aim was met without the use of statistical

Active comparator (BTX-A) Active comparator (BTX-A) at
(primary treatment group) 6 weeks follow-up Follow up

Placebo Active comparator (BTX-A) at
(secondary treatment group) 6 weeks follow-up Follow up

Inclusion 6 weeks

12 weeks 6 months

Figure 2. Primary and secondary treatment groups at different timepoints in the study.
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analysis, whereas the personal feedback from patients,
clinicians, statisticians and CSM was of major importance.
The nature of this early-phase pilot study does not allow
any effect-analyses according to the number of four
participating soldiers. The separation test [21,22] was
used to investigate between-group difference regarding
an indication of an effect in a future full-scale effect
study [23].

Results

The study was conducted according to the study pro-
tocol with four study subjects, two in the primary treat-
ment group and two in the secondary treatment group.

Feasibility of the study protocol

The protocol was based on available scientific knowl-
edge, clinical experience, and collaboration with the
research department at UNN. The theoretical content
of the protocol was acknowledged as appropriate and
sufficient for the implementation of the study.

The protocol underwent high-quality controls accord-
ing to the Norwegian and European regulation authori-
ties with a particular attention towards adverse events.
No major challenges or difficulties were noticed regard-
ing the format or content of the protocol that should
have any influence on the planning of the full-scale
effect-study.

Methodology

The major challenge in this pilot was the inaccuracy of
the FClI diagnosis. The patients were not able to give
relevant and sufficient clinical information for classifica-
tion of their injury, nor was the accuracy of the

diagnosis in the Norwegian Armed Forces Health
Registry (NAFHR) sufficient to classify patients to the
targeted group of 2" degree FCl.

This led to a concern as to whether two out of four
patients probably had ever suffered a 2" degree FCl,
according to information given in the thorough clinical
interview at inclusion. A non-freezing cold injury was
perhaps just as likely. Nevertheless, all patients selected
for the study wanted to be and were included in the
pilot, regardless of the uncertainness regarding the
clinical symptoms many years ago.

At every study visit, the patient’s medical history,
symptoms, and observation of clinical signs were care-
fully recorded, followed by a clinical examination. The
follow-up in the study was on patient subjective symp-
toms (VAS-scale), changes in rewarming ability (thermo-
graphy), and the somatosensory nerve function (QST).
No challenges occurred during data collection at end-
points at 6 weeks, 12 weeks, and 6 months of follow-up,
compared with the results of their own baseline score
at inclusion.

The treatment

The BTX-A and placebo (saline water) was prepared in
syringes with a randomisation number/study subject
number and the indication for use. The syringes con-
tained the same amount of similar appearing fluid and
both the investigator and the patient were blinded as
to whether the syringe contained BTX-A or placebo. The
blinding of the patient and doctor was sufficient and
appropriate. No challenges occurred according to the
study logistics in preparation of investigational sub-
stance and placebo at the hospital pharmacy at UNN.

The BTX-A were injected according to the planned
methodology (Figure 3).

Figure 3. Injection of BTX-A were given near the neurovascular bundle at the A1-A5 pulley at the basis of digit 1-5 in the palm of

the hand.



Adverse events

No intercurrent illness, serious adverse events, or
unwanted effects were observed that could have had
any influence on the judgement of the effect of BTX-A,
the patient safety, the ability to deliver treatment, or at
the primary study endpoints.

Weakness of muscles adjacent to the injection site
was likely related to the spread of BTX-A from the site
of injection. The weakness was not severe and resolved
spontaneously within 1-2 weeks after injection. One
practical aspect we encountered was the local disten-
tion of tissue that varied according to the injected
volume. Although the procedure took only 4-5 min to
execute, the injection of BTX-A was painful for a few
minutes.

The injured soldiers

The four study subjects were all male soldiers at
average age of 24years (20-28), average height
189 cm (184-195), average weight 95kg (84-110),
average BMI=26.6. They were all non-smokers and
did not use any chewing or sniffing tobacco. None
of the soldiers had tried any medical treatment;
however, soldiers 1 and 3 said they had tried alter-
native treatment without being able to state the
modality.

The data

This pilot study was not powered to calculate the effec-
tiveness of BTX-A versus placebo. Nevertheless, all
patients reported benefit. The study participants wished
to continue treatment after the end of the follow-up.
On the other hand, subjects #1 and #2 (placebo and
BTX-A, respectively) had worsening PSSS scores at week
6 (after first injections) and worse than baseline scores
at 6 months (3 months after their last injection of BTX-
A). Being aware that this study does not produce any
data on effect from BTX-A, one need also to bear in
mind the possibility for an adverse effect to be found in
future effect studies.

Table 1. Clinical data from the pilot study.
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Self-reported symptoms

Self-reported symptoms and complaints (PSSS) were
reported using a Visual Analogue Scale (1-10) where
higher PSSS scores mean more symptoms. The sum of
four symptoms for the four study subjects in the pilot is
shown in Table 1.

It is questionable whether PSSS as it currently stands
is the best way to measure improvement from treat-
ment with BTX-A. Further, Table 1 shows an example of
how subjective data could be displayed, but in a full-
scale effect study every single PSSS-symptom must be
analysed more thoroughly. There may be relatively
small effect sizes, as all subjects were noting
improvement.

Rewarming (DIRT)

The rewarming was examined with repeated DIRT at
inclusion, 6 weeks, 12-weeks, and 6-months follow-up.
Figures 4 and 5 are examples of data presentation in
terms of mean hand skin temperature versus time and
thermographic images of the dorsal side of the hands
encompassed a pre-cooling phase (T1), a cooling phase
with hands immersed in water for 1 min (T2), and
a four-minute recovery phase (T3, T4, T5 and T6).

Somatosensory measurements (QST)

We assessed all 13 somatosensory parameters of the
standardised QST protocol [24] for the affected hand
and the back as a control area, which is normally not
influenced by any frostbite. We found no systematic
changes in any parameter in the control area.
Additionally, we did not detect any systematic changes
in the perception or pain thresholds to mechanic sti-
mulation at the affected hand. However, there were
striking abnormalities in all subjects with respect to
thermal detection thresholds (see Figure 6 for sum-
mary). Interestingly, these changes were reduced in all
subjects at the last point of evaluation (Figure 6).
Unfortunately, QST-data were not obtained at 6 months
follow-up.

The patients in the pilot study

Patient 1 Patient 2 Patient 3 Patient 4

Measurement Time (Placebo) (BTX-A) (Placebo) (BTX-A)
Total Patient subjective symptom score (PSSS)? Inclusion 22 12 19 27
6-weeks 24 15 14 21
12-weeks 12 10 14 8
6 months 30 22 15 14

?PSSS represents the sum of four sensational variables (pain, cold-hypersensitivity, numbness, loss-of-sensitivity of touch).
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Figure 4. Thermographic images from patient 1 exemplify the rewarming of the dorsal side of the hands at 6 months follow-up
encompassed a pre-cooling phase (T1), a cooling phase with hands immersed in water for one minute (T2), and a four-minute

recovery phase (T3, T4, T5 and T6) demonstrated by Dynamic Infrared Thermography.
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Figure 5. Mean hand skin temperature versus time demonstrated in patient 3 with Dynamic Infrared Thermography (DIRT) at four
rounds (inclusion, 6 weeks, 12 weeks, 6 months) encompassed a pre-cooling phase (T1), a cooling phase with hands immersed in

water for one minute (T2), and a four-minute recovery phase (T3, T4, T5 and T6).
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Gain of function

Z-score [SD]

Loss of function
[N

-5
(4]} WDT TSL PT HPT

MDT MPT  MPS  WUR VDT PPT

Figure 6. Quantitative sensory testing (QST) at the affected hand for all subjects over time. While the mechanical parameters are all
within the confidence interval for age-corrected healthy subjects (dashed line — 95% confidence interval), there are impressive
changes for the thermal detection thresholds, especially for the cold detection threshold (CDT). After therapy, these parameters
returned in a direction towards normalization. WDT — warm detection threshold, TSL — thermal sensory limen, CPT — cold pain
threshold, HPT - heat detection threshold, MDT — mechanical detection threshold, MPT — mechanical pain threshold, MPS —
mechanical pain sensitivity, WUR — wind-up ratio, VDT - vibration detection threshold, PPT — pressure pain threshold; T1 — before
intervention, T2-6 weeks, T3—-12 weeks follow-up. QST-data were not obtained at 6 months follow-up.

Table 2. Mean difference of change in mean PSSS between the
groups, standard deviation of the difference and threshold (A/
2) for indication of effect of the between group difference.
Further research is not recommended since the difference in
score is lower than A/2.

Mean difference® SDE® A2
Baseline versus 12 weeks 3.0 8.86 7.29
Baseline versus 6 months 35 12.97 10.67

*Mean difference in score between the intervention group and control (see
Table 1).
SDE, Standard deviation of effect estimates.

Statistical analysis

This study analysed the data with regard to a statistical
indication for further research using the separation test
[23]. The test uses the standard deviation of the effect
estimate (SDE) of the mean difference, then calculated
the value of A =1.645*SDE. Further research is indicated
if the mean difference exceeds A/2 (in the favourable
direction), but not if it is lower than A/2 (in the unfa-
vourable direction) [21]. In our study, further research is
not recommended since the mean difference in score is
lower than A/2. The results for PSSS in our pilot study
are shown in Table 2.

Discussion

This study has investigated the research strategy, study-
logistics, tolerability, and safety of treatment with BTX-A

for frostbite sequelae. The methodology in this pilot
study is shown with minor adjustments to be feasible
in a future full-scale effect study. Recent literature also
recommends BTX-A in FCl treatment [25,26]. However,
a major limitation in this study is the questionable
diagnosis, and a higher diagnostic precision level may
be more feasible. A full-scale study is not warranted by
the separation test, at least not without reconsidering
the selection process and the study design.

The research methodology

There is need for better diagnostic accuracy and selection
of patients for participation in future studies [7]. The
recruitment process needs to be more refined in later
studies to ensure that the eligible study participants are
a homogenous group of patients with a 2" degree FCI.
Recall bias might obscure the accuracy of the recruiting
questionnaires. A higher standard for enrolment and, per-
haps, reviewing the patients’ medical files before inclusion
could limit the recruitment bias in future studies.

Our clinical experience of the pharmacological dura-
tion of action of BTX-A is a few weeks, in line with
current research [27,28], however the results from the
pilot does not add on any evidence to this understand-
ing. The dosage and drug administration in our trial are
not outlined in previous research or guidelines but was
based on a review on the use of BTX-A treatment of
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Raynaud’s phenomenon, that were used to decide the
injection techniques and botulinum dosages [13].

Additionally, we have used BTX-A as off-label treat-
ment for the last 10years for different indications,
including frostbite sequelae [10]. However, it remains
unknown what is the optimal dosing regimen for this
condition [5,13,29-31]. Studying the duration of action
may help future studies design how frequently and for
how long to treat with a specific formulation of BTX.
The exact timeline for effect of BTX-A in FCl is still
unknown, and further research is needed. Further stu-
dies are needed to explore the effect of different
dosages and injection site(s).

Temporary muscle weakness is a common and
expected pharmacological action of BTX injected into
or adjacent to muscle tissue as found in our study. The
use of BTX has not previously been associated with
serious allergic reactions or anaphylactic shock [13,32].
No serious adverse event was observed in the study or
has ever taken place during all years of personal experi-
ence (LdW) with BTX-A in off-label treatment.

The QST showed that three parameters were system-
atically changed in our subjects, i.e. thermal detection
thresholds (CDT, WDT, TSL). This is a rather unusual type
of change considering the three subtypes of changes in
neuropathic pain [33]. However, a previous report on
macro-replantation also demonstrated this specific pat-
tern [34]. There may exists a specific pattern of change
for frostbite injury. Nevertheless, due to the observed
changes in thermal detection thresholds, it is recom-
mended that these parameters be included in a larger
study. Interestingly, CDT showed the largest discre-
pancy and a tendency to normalisation in all subjects,
which is plausibly connected to frostbite. If the protocol
would allow to include only one parameter, we would
suggest including CDT.

It is a limitation of the study that data in the pilot
are, due to their nature, are not able to add on to any
evidence regarding effect or effectiveness of BTX-A for
frostbite sequelae. Further, a full-size clinical trial based
on experience in the pilot will need a thorough
Statistical Analysis Plan (SAP).

A sample size calculation for a full-scale effectiveness
study based on results from this pilot study suffer from
uncertainty in both the effect estimate and in the stan-
dard deviation caused by low number of participants in
the pilot. Nevertheless, the estimated sample size for
a two-sample means test comparing BTX-A with
Placebo at 12-week observation require n=276 (n per
group = 138).

The separation test applied does not warrant a full-
size clinical trial [35]. However, a major concern regard-
ing the separation test is the low number of

participating soldiers, and the heterogeneity of the
study group. Additionally, in this study, we are compar-
ing the two groups at week 12 and at 6 months where
both the intervention group and the placebo group
have received the BTX-A injection. We could potentially
have detected larger group differences with a “true”
intervention/placebo comparison, where the comparing
(placebo) group did not receive the BTX-injection at
week 6. However, the study design we used was
a tradeoff to explore both the intervention-placebo
comparison at week 6, and the dose-response relation
between the two groups at week 12 and 6 months.

Conclusions

e This pilot study showed the study methodology
with minor adjustments might be feasible for
future research

e The selection of FCl-patients’ needs increased
attention in future research

e BTX-A is in this study was found to have the
tolerability and safety for future research

e A full-scale study is not warranted by the separa-
tion test, at least not without reconsidering the
selection process and the study design.
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